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Introduction
Rangelands cover z31% of the total land area of the United States (Havstad et al. 2007 ) and contribute to global food production (e.g., cereals, meat, milk) (White et al. 2000; Delgado et al. 2005 ; O'Mara 2012), and delivery of ecosystem services including water and carbon capture and nutrient cycling (White et al. 2000; Gage et al. 2016) . Much of the remaining rangeland has been degraded through loss of native species and plant invasions, which contribute to biotic homogenization (G amez-Viru es et al. 2015) . Although fire is an ecological disturbance that historically maintained diverse rangeland systems and ecological function, its effects have largely been removed from the landscape (Fuhlendorf and Engle 2001; Fuhlendorf et al. 2012 ).
Kentucky bluegrass is now present in > 85% of the areas sampled in the northern Great Plains of North America (Toledo et al. 2014a ). The increase of Kentucky bluegrass in this region is largely due to removal of fire combined with grazing practices that promote even use and homogeneity (Toledo et al. 2014a ). Furthermore, Kentucky bluegrass that is left undisturbed forms a thick thatch layer on the soil surface, altering nutrient cycles and creating a positive feedback loop that favors its invasion (Kral et al. 2018) , and suppresses germination of late-season species (Toledo et al. 2014a) . While bluegrass can provide adequate forage in the spring, overall forage production is reduced throughout the season (Toledo et al. 2014a ). Reintroduction of fire regimes that increase burn severity and reduce bluegrass thatch may be one of the only ways to combat bluegrass invasion in the northern Great Plains (Kral et al. 2018 ), but societal constraints currently limit its use (Toledo et al. 2014b ). There is evidence that ecological effects of changing fire frequency on the landscape can shape attitudes and perceptions of burning. While ranchers have been shown to rank forage production over environmental objectives in ranch management (Roche et al. 2015) , in the case of prescribed fire, the two objectives are not necessarily at odds (Augustine et al. 2010; McGranahan et al. 2014) . For example, in the southern Great Plains, citizens were motivated to form their own prescribed burn associations in response to the declines in grassland biodiversity and livestock production resulting from woody plant encroachment (Twidwell et al. 2013) . In this scenario, ranchers recognized the role prescribed fire played in improving forage quality.
Theories that explore socioecological relationships provide a framework for addressing feedback loops between human and natural systems that can be applied to fire perceptions in the northern Great Plains. Changes in one part of this socioecological system have repercussions on other parts of the system, creating continual feedback loops (Turner 2000; Holling and Gunderson 2002; Chapin et al. 2009 ). The complex dynamics of these socioecological systems can lead to the wrong factors being misguidedly addressed and become the center of attention of land management and biodiversity conservation efforts (Reynolds et al. 2007 ). By identifying key variables affecting specific socioecological systems, we can begin to understand some of the drivers and key processes that influence them (Turner 2000) .
The theory of planned behavior (TPB) (Ajzen 1991a ) has been used in socioecological systems to better understand how attitudes, norms, and experiences influence behaviors and explore behavioral intentions. The TPB has been useful for exploring human dimensions of natural resources and has been applied to prescribed fire application (Toledo et al. 2014b ). The TPB states that behaviors can be predicted from attitudes toward a behavior, the perceived social pressure to engage or not to engage in a behavior (subjective norm), and people's perceptions of their ability to perform a given behavior (perceived behavioral control) (Ajzen 1991b; Ajzen and Cote 2008) . Subjective norms refer to perceptions of which behaviors we believe others want us to engage in or avoid and have been shown to strongly influence a person's intention to engage in particular behaviors (Ajzen and Fishbein 2005) .
The transtheoretical model of behavior change (TTM) (Prochaska 1979; Prochaska and DiClemente 1983) provides a model that conceptualizes intentional behavioral change and has been used in the natural sciences to identify ways of encouraging lakeshore property owners to adopt more natural shorelines (Shaw et al. 2011) . This model describes six stages of behavior: precontemplation, contemplation, preparation, action, maintenance, and relapse. The strength of using the TTM is that it integrates social, psychological, and biological factors into a cohesive framework that can be used to assess change and can be applied to different settings. As such, the model and its stages provide a framework for describing and promoting behavioral changes related to the application of prescribed fire.
With North Dakota grasslands facing Kentucky bluegrass invasions, understanding landowner intentions and constraints concerning prescribed fire is a critical first step to informing strategies for restoring this necessary ecological disturbance on the landscape. Given North Dakota's $600 million yearly cattle industry (NDDA 2010), a better understanding of rancher perceptions and constraints to implementing prescribed burns and targeted strategies that address behavioral change will be essential to restoring fire to grasslands used for livestock production in the state and elsewhere. Research on socioecological factors related to the use of prescribed fire on private lands in North Dakota is relatively new and limited. The objectives of this study are to identify North Dakota landowner attitudes and perceptions toward prescribed fire and then use behavioral models to better understand landowner motivations and formulate targeted approaches for promoting increased application of prescribed fire in the region.
Methods

Study Site
This study was conducted in six randomly selected counties in North Dakota (two from each ecoregion: Missouri Plateau, Drift Prairie, Red River Valley). The counties sampled included Billings, McKenzie, Richland, Pembina, Stutsman, and Towner (Fig. 1 ). The Red River Valley is made up of younger, productive, clay soils formerly covered by Glacial Lake Agassiz. It is relatively flat and primarily used for agricultural crop production of sugarbeets and Figure 1 . Map of the study site displaying the two randomly selected counties from each ecoregion in North Dakota that were sampled. potatoes. The Drift Prairie was formed by an ice sheet and has many glacial deposits resulting in rocky soils and shallow wetlands (potholes). Grain farming and livestock ranching are the dominant land uses in the Drift Prairie. The Missouri Plateau is unglaciated and contains less productive, sandy soils, which makes it more conducive to livestock production than farming (NDGFD 2016).
Prescribed fire is limitedly used on private lands across all regions of North Dakota, and civil liability standards are undefined when it comes to prescribed burning. In many cases, states with undefined standards follow simple negligence statutes . There were no Prescribed Burn Associations (PBAs) in North Dakota during the length of this study.
Sampling
We mailed 460 self-administered questionnaires. The survey sample included 50 landowners in each of the six randomly selected counties, as well as all registered beekeepers in North Dakota (n ¼ 160) as part of an adjacent study related to pollinator conservation. It should be noted that in North Dakota, most beekeepers place their hives in rangelands (Sanderson 2016) . We used a Farm Service Agency Freedom of Information Request to select the landowners from each county who reported ranching on their taxes. For the remainder of our analyses, we used all respondents' answers regarding acres owned and primary land use to define ranchers versus nonrancher landowners. We implemented the survey in November of 2016 using a modified repeated mailing procedure following Dillman (2000) . We used four mailings for surveys: 1) a questionnaire with cover letter and a postage-paid return envelope on day 1; 2) a reminder postcard on day 14; 3) a replacement questionnaire with cover letter and another return envelope on day 90; and 4) a final reminder/thank you postcard on day 104.
Data Collection
We collected personal characteristics that included age, sex, years of ranching experience, percent income generated from their rural property, and total household income. We also gathered operational characteristics such as property ownership; acres owned and/or managed; importance of different land use activities (cattle, sheep and goat production, wildlife ranching, and crop production) with respect to management decisions; and whether a landowner had used prescribed fire or not. To address our specific objectives, we used a 5-point Likert scale where 1 ¼ strongly disagree and 5 ¼ strongly agree to measure responses related to attitude toward prescribed burning, land condition, proximity constraints, risk orientation, skill, knowledge, resource availability, and subjective norms (see Appendix: survey instrument, available online at https://doi.org/10.1016/j.rama.2019.08.014).
Data Analysis
On the basis of previous research (Armstrong and Overton 1977; Pokharel et al. 2017) , we conducted a nonresponse-bias analysis by comparing demographic distribution between early and late respondents (responses from first questionnaire mailing and responses from replacement questionnaire). We used the Wilcoxon-Mann-Whitney two-sample test to determine if a nonresponse bias was present in the data. We used descriptive statistics to explore the operational and personal characteristics collected from respondents and differences between rancher and nonrancher landowners.
We also created two variables that are related to latent factors: attitudes and subjective norms. Latent factors are factors that are not directly observed but are rather inferred mathematically from the data (Kaplan 2000) . Attitude combines whether landowners consider prescribed fire to be beneficial for managing rangelands and whether they agree in principle with the idea of applying prescribed burns (Supplementary Material, Survey Instrument, Questions 5 and 6 in Section 5, available online at https://doi.org/ 10.1016/j.rama.2019.08.014). The attitude variable was considered reliable with a Cronbach's alpha value of 0.93. The subjective norms variable combined whether a landowner reported valuing the opinions of their neighbors, family, and friends, as well as if those people would support them if they decided to apply a prescribed burn (Supplementary Material, Survey Instrument, Questions 7À9 in Section 5, available online at https://doi.org/10.1016/j.rama.2019. 08.014). This variable was also deemed reliable with a Cronbach's alpha of 0.89. We examined internal consistency of these factors using Cronbach's alpha and confirmatory factor analysis. Cronbach's alpha values > 0.70 generally indicate that the components of an index are reliably related to each other (Foster 2001) .
We then created a structural equation model (SEM) using the two latent factors identified earlier (attitude and subjective norms) as additional independent variables. Structural equation modeling refers to a suite of techniques that include regression analysis, designed for understanding complex patterns of interrelationships among variables. The strengths of this approach lie in being able to provide information about hypothesized impact, both directly from one variable to another and via other variables positioned between the other two, including latent variables (Kaplan 2000) . We first fit a measurement model to the data using theoretical background and determined the strength of those relationships using correlation coefficients. We then created the SEM with burn behavior as our dependent variable and attitude, risk, constraints, access to skill and resources, and subjective norms as independent variables to test relationships between constructs. In this structural-equation path model we tested whether nonrancher landowners' attitudes toward applying a prescribed burn were being mediated by concerns over risk, subjective norms, and perceived constraints. (Due to sample size, we could not create a model for ranchers (n ¼ 22). We assessed model fit using multiple indicators including goodness of fit (Х 2 ), absolute fit (standardized root-mean-square residual [SRMR]), parsimony correction (root-mean-square error of approximation [RMSEA]), and comparative fit (comparative fit index [CFI]) (Brown 2006) . Standardized regression coefficients are reported. For each predictor, we examined both direct and indirect effects. We discuss the application of our findings in the context of the transtheoretical model of behavior change to suggest optimal strategies to encourage the use of prescribed fire by North Dakota landowners.
Results
Descriptive Statistics
Of the 460 surveys that were mailed out, we received 96 usable responses, for an adjusted response rate of 21%, comparable with similar studies (Khanal et al. 2016; Pokharel et al. 2017) . In no cases were there significant differences between early and late respondents in key questions and sociodemographic variables, which reduces concern for systematic nonresponse bias in our survey.
Average respondent age was 57 yr, with 67% of respondents being between the age of 30 and 70 (Table 1) . Most respondents were male (81%), and 60% of respondents had at least 2 yr of postsecondary education. Scientific research (e.g., university publications) influences land management decisions for 71% of respondents. A majority (68%) of respondents reported living on the property for which they provided answers for. Of these 68% respondents, 30% stated that < 10% of their annual income was derived from their rural property and 51% stated that > 80% of their income came from their rural property. Average farming/ranching experience was 30 yr, and 55% of respondents had an annual income of > $100,000 USD, with 42% of those having an annual income of between $100,000 and $500,000 USD. Post hoc separation of the responses based on predominant land use resulted in 22 ranchers and 74 nonranchers. Of the 96 respondents, primary land uses were selected as followsdCrops: 42%, Beekeeping: 26%, Cattle grazing: 19%, Wildlife: 3%, Sheep grazing: 1%, and No response: 9%.
Rancher versus Nonrancher Attitudes and Constraints
When looking at responses of those who identified themselves as ranchers, a majority of those who responded disagreed that prescribed fire was a beneficial tool (38% agree, 43% disagree) and only 38% of ranchers would apply prescribed fire on their land. Only 9% of ranchers had ever applied a prescribed fire on their land. Almost half (47%) of ranchers considered themselves to be risk takers, 58% considered themselves as innovators, and a majority agreed that they were concerned with the risk of potential negative effects of a prescribed fire on their neighbor's property (53% agree, 32% disagree).
In general, nonrancher landowner respondents had positive attitudes toward prescribed fire and believe prescribed fire is a beneficial tool for restoring rangelands (55% agree, 26% disagree). Nonranchers agree with the use of prescribed fire (64% agree, 31% disagree) with 25% of respondents having performed a prescribed fire on their land. The majority (61%) of nonranchers considered themselves to be risk takers, and 70% considered themselves as innovators and had similar concerns as ranchers with the risk of potential negative effects of a prescribed fire on their neighbor's property (47% agree, 26% disagree).
Respondents reported several factors as posing constraints toward potential fire application. Knowledge and experience was a weak constraint (25% of ranchers and 23% of nonranchers see it as a constraint). Larger constraints included time constraints (50% of ranchers and 47% of nonranchers see time as a constraint) and financial resources (56% of ranchers and 67% of nonranchers see financial resources as a constraint). Labor and equipment varied between ranchers and nonrancher landowners with 65% of ranchers seeing it as a constraint and only 33% of nonranchers agreeing.
Factors Affecting Burn Implementation
For nonranchers, despite demonstrating concerns over potential negative effects of a prescribed fire on a neighbor's property, our SEM shows that concern over the potential negative effects of a prescribed fire on a neighbor's property, attitude toward prescribed fire, and subjective norms were not significant factors (P ¼ > 0.05) influencing actual burn behavior. Knowledge and experience constraints had no significant effect on a nonrancher's intention to perform a prescribed fire on his or her land (Fig. 2) , which can be a reflection of the level of education of these landowners (77% of nonranchers had at least 2 yr of postsecondary education), and 61% reported that scientific research (e.g., university publications) influenced their land management decisions. There were no indirect effects of variables on intention to apply a prescribed fire. Once respondents had decided to include the periodic use of prescribed burns as part of their management plans, there was a strong likelihood that they would perform a prescribed fire (b ¼ 0.908, P < 0.001). However, there was also a moderately strong likelihood that if the landowner perceived constraints due to lack of labor and equipment, the prescribed burn would not be implemented
The number of usable responses for ranchers-only data was too small to run a structural equation model. Of the 22 usable rancher responses, only 2 ranchers had performed prescribed burns. Knowledge and experience with fire, as well as lack of labor and/or equipment needed to safely implement a prescribed fire, represented significant constraints to fire application for ranchers.
Discussion
Using our results, the TTM, and current understanding of ecological succession as a framework to explain the fire implementation process, we can deduce at which stage in the model our respondents are at in comparison to the landscape and form more targeted strategies for changing their behavior (e.g., increased implementation of prescribed fire) (Fig. 3) . For example, our respondents generally agreed with the use of prescribed fire but their behavior did not necessarily reflect those attitudes. A majority of respondents indicated that scientific research influenced their land management decisions. Highlighting prescribed burning research in the area through extension bulletins and popular press could be an effective mass communication strategy to increase knowledge and awareness of positive effects of fire and safe fire implementation.
In our study area, a majority of rancher respondents disagreed fire was a beneficial tool and had limitedly implemented a burn. Thus, they may be in the precontemplation or contemplation stages. At these stages, ecological impacts (e.g., Kentucky bluegrass or woody plant invasions) may just be becoming noticeable on the landscape but are not severe enough to change behavior alone. Once in the contemplation stage, subjects tend to be more responsive to information and resources about changing their behavior (Prochaska and DiClemente 1983) . Therefore, some of these ranchers might be perceptive to fire demonstrations or workshops that emphasize the benefits of using fire to suppress Kentucky bluegrass in order to increase overall forage quality and livestock production (Taylor 2005) . In a similar study conducted in the tallgrass prairies of Missouri and Iowa (Morton et al. 2010 ), ranchers were concerned over the encroachment of eastern redcedar for agricultural productivity. Although these ranchers also valued wildlife habitat, the connection between these ecosystem services was not being made clear by educators. Promoting the cost effectiveness and favorable results for forage production through increased outreach and prescribed fire demonstrations would be an effective means for shifting North Dakota ranchers into the preparation or action stages of the TTM.
Furthermore, strategies aimed at reducing negative attitudes toward the use of prescribed fire, especially for ranchers, would be a beneficial step for influencing societal acceptance of fire in North Dakota. Greater trust and understanding between ranchers and conservation agencies provide a way to shape attitudes and norms surrounding the use of prescribed fire (McCaffrey 2006; Brain et al. 2014; Roche et al. 2015) . Norms have also been used to identify, plan, and communicate natural resource management decisions because of their importance in influencing attitudes and determining a person's intention to participate in a particular behavior (Ajzen and Fishbein 2005) . A focus on communicating local and regional research on long-term increases in forage production that can outweigh the short-term risks and potential negative effects of prescribed fire application would be a useful step in changing rancher attitudes (Ryan et al. 2013; Roche et al. 2015) . In addition, communication and workshops that teach and promote safe fire application would be a step forward. Alternatively, ecological impacts on the landscape could become severe enough to warrant a behavior change as it did in the southern Great Plains (Twidwell et al. 2013) . Conversely, nonrancher respondents in our study mostly agreed that fire was a beneficial tool and agreed with the use of it on their land. Yet still only 25% had conducted a prescribed burn. Although they stated fewer concerns over labor and equipment than did ranchers, labor and equipment were significant predictors of prescribed fire application in our SEM. Once a a nonrancher landowner had formulated an intention to burn, there was a high likelihood of actual implementation of prescribed fire. These landowners could more likely be in the preparation or even action stages of the TTM. In these stages, even though an individual is preparing, or has adopted, a new behavior, he or she still needs support to continue that behavior as it has not yet become permanent (Prochaska and DiClemente 1983) . Creation of PBAs that provide common access to tools, educational resources, and labor may be a good strategy for promoting prescribed fire for ranchers, as well as nonranchers, as seen with the creation of PBAs by citizens in the southern Great Plains (Twidwell et al. 2013) . PBAs align with the action and maintenance stages from the TTM and could also help alleviate some of the time and financial resource constraints expressed by landowners. In the case of the southern Great Plains, ecological symptoms on the landscape become detrimental enough to deem action (i.e., woody encroachment) (Weir et al. 2016) . The reintroduction of intense prescribed fire was used to combat juniper invasions that were reducing forage production for ranchers (Twidwell et al. 2013 ). The success with the behavior of prescribed burning (i.e., increased fire frequency and intensity reduced juniper encroachment and restored grasslands) favored the maintenance of that new behavior. PBAs have also been identified as an effective institutional structure for promoting the use of prescribed fire at a landscape scale in other geographic regions; therefore, they could provide a critical role in maintaining or restoring ecosystem integrity in the northern Great Plains, too. PBAs create networks that strengthen social capital, can change attitudes toward the use of prescribed fire, and have been shown to enhance the social acceptability of prescribed burning as a management practice (Toledo et al. 2014b) , which, following the TTM, would likely prevent relapse to old patterns of nonburning behavior. Most importantly for North Dakota ranchers and nonranchers, PBAs also provide educational opportunities, training, equipment, and labor. On the basis of our results, associations like this could be useful for promoting prescribed fire as a management tool for those who are limited by labor and equipment and need social support to maintain prescribed burning behavior.
The prescribed fire literature also discusses concerns over risk and liability as negatively influencing landowner perceptions of fire (Dombeck et al. 2004; Yoder et al. 2004; Twidwell et al. 2013; Wonkka et al. 2015) . However, risk was not a significant factor influencing our respondents' burn intention. It is important to note that risk can have different meanings to different people, which might help explain why risk is not the best predictor of whether or not a landowner would be willing to light a fire (Twidwell et al. 2015) . For example, risks associated with fire can include the legal liability of causing harm to property or life (Yoder et al. 2003) and can also include the risk of short-term forage loss associated with fire (Kreuter et al. 2008 ). In addition, research by Fischer (2011) found that people who perceived greater risk but who viewed risk as controllable were more likely to act than those who perceived risk to be uncontrollable. Regardless of one's definition, a shift to gross negligence statutes , and increased education on long-term benefits would help mitigate any landowner concerns of risk of burning in North Dakota.
It has been suggested that the TTM may not be the most appropriate theoretical model for applications to behavioral change (e.g., Adams and White 2003; Bridle et al. 2005; Noar et al. 2007 ). Adams and White (2003) suggest that the TTM, although effective, did not influence long-term adherence to changed behavior. Likewise, Bridle et al. (2005) found that in some cases there was no advantage to applying the TTM. However, Bridle et al. (2005) , as well as Noar et al. (2007) , note that in many of the cases where there were not advantages to this model, the model was not applied fully and neglected to include processes of change, self-efficacy, and decisional balance (Hutchinson et al. 2009 ). Our research uses the TPB to provide us with a better understanding of processes of change, self-efficacy, and decisional balance processes, but we acknowledge that a larger sample size and more in-depth analysis of both the TPB and all stages of the TTM would provide additional details for more tailored messaging strategies for change in behavior related to prescribed fire.
The return of fire to the landscape is critical to restoring biological integrity and ecosystem processes that maintain grassland ecosystems in the northern Great Plains of the United States. With most lands privately owned and managed for livestock grazing, understanding the barriers influencing rancher's burn behavior is a critical first step toward planning intervention strategies that promote the safe and effective use of prescribed fire at a larger scale. An increase in interaction between land management agency and extension personnel with landowners through conducting handson workshops or demonstrations that showcase research results and safe application techniques for prescribed fire could help mitigate potential negative perceptions of agencies and extension and their management goals (Monroe et al. 2006; Shindler et al. 2009; Roche et al. 2015) . Our research suggests that a change that promotes burning behavior for the region studied could be achieved through adequately addressing barriers and limitations based on landowners' background and by targeting norms, beliefs, stages of change, and processes of change. Figure 3 . Model depicting stages of behavioral change as explained by Prochaska & DiClemente (1983) in relation to current understanding of grassland succession and the role of prescribed fire (Kozlowski 2012). The model is useful for making inferences about landowner attitudes and behavior and forming targeted strategies to stimulate behavioral change that will result in positive impacts on the landscape.
